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Pex3p and Pex19p are key players in the post-
translational import of peroxisomal membrane
proteins. New data suggest that these peroxins act
in tandem, Pex19p as a cytosolic chaperone and
import receptor for peroxisomal membrane proteins,
and Pex3p as docking factor at the peroxisomal
membrane.
Peroxisomes are ubiquitous organelles of eukaryotic
cells, with the interesting property that their size, number
and protein content are adjusted according to the cell’s
metabolic need. The machinery of peroxisome biogen-
esis thus has to be very adaptable (reviewed in [1–3]).
The post-translational import of matrix and membrane
proteins into peroxisomes has been shown to require at
least 25–30 genes. These peroxisomal proteins fall into
two groups according to their final site in the peroxi-
some — matrix or membrane — with distinct import
pathways. Mechanistically, the targeting and insertion of
membrane proteins is less well understood than that of
matrix proteins. The import of matrix proteins depends
on two well-characterized targeting signals,  PTS1 and
PTS2, their predominantly cytosolic receptors, Pex5p
and Pex7p, and at least ten membrane-bound peroxins,
which catalyze the transport of the folded matrix pro-
teins across the peroxisomal membrane. 
These data support a model in which Pex5p and
Pex7p deliver cargo proteins through the translocation
machinery and are themselves recycled. The sorting of
peroxisomal membrane proteins, in contrast, involves
a distinct targeting signal, mPTS, which one would
expect to be recognized by its own receptor and does
not require Pex5p or Pex7p. Given that an mPTS has to
direct peroxisomal membrane proteins both to and into
the peroxisomal membrane, it should comprise at least
two elements: a binding site for a peroxisomal mem-
brane protein receptor, and one or more transmem-
brane domains for insertion [2,3].
In most pex mutants in which the import of matrix
proteins is abolished, peroxisomal membrane proteins
can be found correctly inserted in peroxisome
remnants (known as ‘ghosts’). The exceptions are cells
deficient in functional Pex3p, Pex19p and Pex16p. In
the budding yeast Saccharomyces cerevisiae, pex3 and
pex19 mutants lack any detectable peroxisome mem-
brane and a number of peroxisomal membrane proteins
are consequently unstable [4]. Similar results have been
described for human fibroblast cell lines deficient in
Pex3p [5] or Pex19p [6]. Moreover, these peroxins were
shown to interact in vitro and in vivo [7,8]. These results
were taken as evidence that Pex3p and Pex19p define
essential components for peroxisome membrane
protein sorting which seem to act in tandem.
But results that seem to contradict this notion have
been reported for the pex3 and pex19 null mutants of
the yeasts Pichia pastoris and Yarrowia lipolytica. In
Pex19p-deficient P. pastoris cells, novel structures
were detected that contained Pex3p but were distinct
from remnants observed in many other pex mutants [8].
The pex19 null mutant of Y. lipolytica, although exhibit-
ing a pex phenotype, was reported to have structures
that even resembled wild-type peroxisomes [9]. And
while Pex3p-deficient cells of P. pastoris were originally
reported to lack peroxisomal remnants, a more recent
analysis [10] revealed very small structures recognized
by antibodies against various peroxisomal membrane
proteins. Small vesicles were also observed in Pex3p-
deficient cells of Y. lipolytica, but it was not shown
whether they contained peroxisomal proteins [11]. 
These conflicting data have led to several distinct
suggestions for how Pex19p functions in membrane
biogenesis: like Pex5p and Pex7p, as a cycling
peroxisomal membrane protein import receptor [12];
as a chaperone that stabilizes newly synthesized
peroxisomal membrane proteins in the cytosol [12]; as
a facilitator of peroxisomal membrane protein inser-
tion into the peroxisomal membrane [7]; or as a factor
that regulates the assembly/disassembly of peroxiso-
mal membrane protein complexes already in this
membrane [13]. As different as these suggestions are,
they all are based on the unambiguous demonstration
that Pex19p binds to a broad spectrum of peroxisomal
membrane proteins. But there has been disagreement
over whether Pex19p preferentially binds peroxisomal
membrane proteins in the cytosol [12] or at the perox-
isomal membrane [13], and whether the binding sites
for Pex19p on peroxisomal membrane proteins
coincide with their mPTSs [14].
Two recent papers [15,16] have directly addressed
these issues, with data that have led the authors to
conclude that human cytosolic Pex19p has two func-
tions in the sorting of peroxisomal membrane proteins:
first, as a chaperone for peroxisomal membrane pro-
teins; and second, as an import receptor. Furthermore,
consistent with the assumption that Pex19p and Pex3p
may act in tandem [4,17], evidence was obtained indi-
cating that Pex3p provides the docking site for Pex19p
at the peroxisomal membrane [16]. Consistent with this
view, Pex3p is the only known peroxisomal membrane
protein that shows Pex19p-independent insertion [15].
The proposed bifunctional role of Pex19p is based
on several observations: that it binds to and stabilizes
newly synthesized peroxisomal membrane proteins in
the cytoplasm; that it binds to the mPTS of multiple
peroxisomal membrane proteins; and that it interacts
with the hydrophobic domain of the mPTS of PMP34
[15]. In the second paper [16], the same group con-
vincingly shows that Pex3p has properties one would
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expect for a Pex19p docking factor: Pex3p is required
for Pex19p to dock at peroxisomes, interacts specifi-
cally with Pex19p’s docking domain, and does so via a
conserved motif that is essential for this docking and
for Pex3p function in general. Pex3p is also sufficient
to dock Pex19p at heterologous organelles. 
These results led Gould and colleagues [15,16] to
propose a model for the post-translational import of
peroxisomal membrane proteins in which Pex19p and
Pex3p occupy key positions (Figure 1A). Pex19p not
only prevents the aggregation and degradation of the
hydrophobic peroxisomal membrane proteins in the
cytoplasm, but also targets them to peroxisomes by
binding to the integral membrane protein Pex3p.
The value of this attractive model lies in the fact that
it sharply focuses on the essential questions about the
biogenesis of peroxisome membranes, and makes pre-
dictions that can be tested experimentally, especially
now using biochemical techniques. For example, the
model predicts that Pex19p carrying peroxisomal mem-
brane proteins should bind to Pex3p with much higher
affinity than does free Pex19p. The question also arises
of whether the two proposed roles of Pex19p can be
mechanistically separated. Are the peroxisomal mem-
brane protein-binding regions of Pex19p that, on the
one hand, recognize nascent peroxisomal membrane
proteins, and the other, shield the hydrophobic trans-
membrane domains, one and the same, overlapping or
completely distinct?
It is intriguing how such an extreme hydrophilic
protein — yeast Pex19p has 25% negatively charged
residues (aspartate and glutamate) [17] — can actually
shield transmembrane domains. It is tempting to spec-
ulate that carboxy-terminal prenylation is involved in
this role. This hypothesis is strengthened by the obser-
vation that the CAAX box at the extreme carboxyl ter-
minus of Pex19p is an important determinant of the
protein’s high affinity interactions with various peroxi-
somal membrane proteins [14]. 
A related question concerns the binding site for
Pex19p in peroxisomal membrane proteins. For two
different peroxisomal membrane proteins, PMP34 [15]
and Pex13p [14], this region has been shown to be
restricted to about 20–30 amino acids. To define a
potential consensus Pex19p binding site, more perox-
isomal membrane proteins need to be analyzed. To
demonstrate unambiguously that Pex19p functions as
a chaperone and import receptor for peroxisomal
membrane proteins, it would certainly be helpful to
isolate and biochemically characterize cytosolic com-
plexes between Pex19p and peroxisomal membrane
proteins, perhaps in cells harbouring a mutant form of
Pex3p that cannot bind Pex19p.
An especially interesting question is whether Pex19p
is essential in membrane biogenesis. There is general
agreement that Pex19p is required for the formation of
functionally intact peroxisomes [9,14,15,18]. The
absence of detectable peroxisomal ghosts in Pex19p-
deficient yeast cells [17,19] and human fibroblasts [6]
is the strongest argument in support of the view that
Pex19p does have an essential function in peroxisomal
membrane formation. But more recently this view has
been challenged by the detection of such structures in
Pex19p-deficient cells — ranging from very small vesi-
cles in P. pastoris [8] to morphologically normal perox-
isomes in Y. lipolytica [9] — and the observation that
overproduction of Pex3p in Pex19p-deficient yeast led
to the formation of peroxisomal membrane protein-
containing vesicles [18]. A possible explanation for this
discrepancy is that peroxisomal membrane proteins
can bypass the Pex19p-depending sorting pathway;
but such an alternative route (Figure 1B) is either not
efficient enough or not suitable for all peroxisomal
membrane proteins. Both restrictions could account
for the lack of mature functional peroxisomes.
Another intriguing point is how the seemingly
conflicting notion that Pex19p and Pex3p are involved
in the assembly/disassembly of membrane-bound
protein complexes [13,20] (Figure 1B) fit into the model
proposed by Gould and coworkers [15,16] (Figure 1A).
These two views are not necessarily mutually exclusive.
It is conceivable that Pex3p and Pex19p both have
additional functions after the docking event, including
membrane insertion and assembly of peroxisomal
membrane proteins — these steps are not yet covered
by the cycling receptor model.
There has been significant disagreement over the
sorting pathway for peroxisomal membrane proteins,
particularly over the function of Pex19p. The model pro-
posed by Gould and coworkers [15,16], from their large
set of new positive results, assigns two distinct func-
tions to Pex19p. This model has set the stage and is a
measure for future work. Especially interesting will be
the question whether Pex19p has even more functions
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Figure 1. Alternative pathways for the
post-translational import of peroxisomal
membrane proteins. 
(A) Pex19p functioning as a cycling chap-
erone/receptor for peroxisomal membrane
proteins (PMP), with Pex3p providing the
docking site at the membrane. (B) Mem-
brane-associated Pex19p and Pex3p
acting as insertion and/or assembly factors
of peroxisomal membrane proteins.
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than those of a chaperone and/or receptor for peroxi-
somal membrane proteins. 
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